Because of these similarities, this method offers an alternative for investigating the combustion dynamics of fire; moreover, the vertical array is much easier to use than the horizontal array.
for horizontally spreading fires in the same fuel at the same bulk densities.
The peak rate of load loss per unit, area exhibits a strong dependence upon bulk density for both vertically and horizontally spreading fires. The maximum of this peak rate occurs at the same bulk density in the two cases.
Because of these similarities, this method offers an alternative for investigating the combustion dynamics of fire; moreover, the vertical array is INTRODUCTION Frandsen and Rotherrnel (1972) have presented a method of measuring the energyrelease rate of a spreading fire through the load-loss rate of a section of the fuel bed.
This paper describes an alternative fuel bed that uses less fuel, that takes less time to construct, and that is less complex to measure than the fuel bed used previously.
Fuel arrays to be examined are contained within a circular basket. The top is ignited uniformly over the surface and the basket's fuel load loss is continuously recorded as the fire moves vertically downward. Rothermel (1972) has shown that the fundamental dynamics of fire spreading through a porous fuel array can be expressed through r, the reaction velocity, the ratio of the efficiency of mass degradation during pyrolysis to the elapsed time of pyrolysis experienced during fire spread.
Its product with w , the net original ovendry load of a fuel bed, is equivalent to w, the maximum load-loss rate of a portion of the fuel bed as the fire spreads through the fuel:
The method of obtaining w experimentally has been covered by Frandsen and Rothermel (1972) in their investigation of the reaction intensity of the combustion zone of a spreading fire.
(The rate w is properly a loss; however, the negative sense is internally compensated.) The reaction intensity, Ij^, is another important dynamic parameter of the fire.
It is the total energy-release rate evolved from the combustion zone, and is related to w through h, the low heat of combustion:
The load-loss rate, w, is an important basic parameter that relates to the dynamics of a spreading fire. The maximum load-loss rate of a burning fuel array can be obtained by monitoring the load of a basket of fuel as the fire moves with a horizontal plane downward through the basket ( fig. 1 ). The purpose of this paper is to show that, for excelsior, the fuel basket experiences a maximum load-loss rate similar to that experienced by a horizontal fuel bed slice Ax, ( fig. 2 ) at the same packing ratio, the ratio of the bulk density to the particle density. Although the bed fire travels horizontally, the observer at Ax views a downward moving front that is similar to the front illustrated in figure 1 ; namely, as Ax tends to zero, the boundaries of the pyrolysis zone can be easily approximated as horizontal planes. Because only the fuel slice is weighed, the rate of change of the load within the slice is hypothesized to be identical to the rate of change of the load in the burning basket. 
EXPERIMENTAL PROCEDURE
The experiment was conducted in the combustion chamber of the Northern Forest Fire Laboratory.
The combustion chamber is connected to an environmental conditioning facility capable of maintaining humidity within ±1.5 percent and temperature within ±33°F (±0.5°C) .
The entire series of experimental burns was run at 80°F (27°C) and 20 percent relative humidity, resulting in a 5 percent equilibrium moisture content for the fuel. A wire mesh basket (13 by 15 mm grid mesh size), 1 ft^(929 cm^) in circular area and 0.5 ft (15.2 cm) deep was used to contain the fuel.
Square cut aspen wood excelsior {Populus tremuloides Michx.), 0.07 cm in cross-sectional dimension (a fine fuel) was used; the same fuel was used in the original spreading fire experiment to which the burning basket results are to be compared. The particle density was 0.40 g/cm^.
Different packing ratios were obtained by changing the load while holding the depth fixed. A doughnut-shaped basket with an annular space of 0.5 ft (15.2 cm) and identical depth and packing ratio surrounded the inner basket ( fig. 1 ) to eliminate edge effects and thus maintain a horizontal planar combustion front as the fire moves downward through the inner basket.
Separation between the baskets is highly important. An annular space of one-fourth inch (0.6 cm) separating the inner and outer baskets was optimum for these tests.
A larger space will result in increased burning within the open annular space deteriorating the horizontal combustion front, whereas a smaller space will result in serious disturbance to the load measurement through connecting bridges occasioned by heat warping the adjacent wire mesh walls of the baskets.
A string presoaked in xylene, a highly flammable fluid, was laid back and fourth over the upper surface of the fuel to insure uniform ignition.
The load was monitored by a load cell transducer located below the inner fuel basket and insulated from the heat by baffles tliat also prevented airflow through the annular space between the center basket and the outer ring of fuel. Figure 3 is a representative set of fuel load histories for each packing ratio, 3. The load-loss rate was obtained simultaneously with the load history by electronically differentiating the signal from the load cell transducer. The differentiated signal was also used to determine the first indication of weight loss for the curves in figure  3 because of its greater sensitivity to changes in the load.
RESULTS
Except for 6 -0.065, each curve has an initial negligible load loss.
Time, s The percent load loss through combustion is indicated at the end of the first major period of fuel consumption and at 20 seconds for 3 = 0.004 to^= 0.016 and at 50 seconds for 3 = 0.032 to^= 0.065.
Five replications of the load history were made at six packing^ratios from 0.004 to 0.065. Table 1 is a compilation of the maximum load-loss rate, w, obtained from the burning basket. Table 2 contains Rothermel's original data for excelsior from horizontal spreading fires.
Both sets of data are displayed in figure 4 along with a prediction of w according to Rothermel (1972) (appendix B) . The prediction differs from the original excelsior data because the results of other fuel sizes were amalgamated by Rothermel to obtain the generalized expression for reaction velocity and thus the maximum load-loss rate. The upper and lower extreme are the standard deviation from the mean.
DISCUSSION
The data contained in tables 1 and 2 for the two different methods of obtaining the maximum load-loss rate do not lend themselves to a simple comparison at the same packing ratios. However, assuming that a quadratic model fits these data, we can approximate each data set with a quadratic regression curve, w regressed on 6, and compare these curves to a quadratic regression of the composite of both data sets.
The composite curve expresses fuel loss rate as accurately as the individual data sets if the composite curve has a sum of squared errors (SSE) (squared differences between observed and predicted from quadratic model) not significantly greater than the sum of SSE's from the separate curves.
It then follows that the curves are not dissimilar. A statistical test of the data from tables 1 and 2 (appendix C) shows that it is very unlikely that the two data sets are different.
The early load history ( fig. 3 ) of the burning fuel follows a declining sigmoid curve.
Shape of the curve varies with packing ratio and is distinguished from other curves through the maximum load-loss rate occurring at the inflection.
It is important to determine if the depth was sufficient to achieve the characteristic maximum load-loss rate for each packing ratio.
Fuel consumption efficiency is a means of examining this question.
It is indicated in figure 3 at the end of the curve and in the region of increasing slope (second knee except at g = 0.65) following the inflection of the initial sigmoid curve.
For (3 = 0.032 to B = 0.065, 39 to 79 percent of the fuel still remains at 50 seconds--wel 1 after the initial sigmoid load history.
Consequently, the depth, 15.2 cm, was sufficient for 6 = 0.032 to B = 0.065.
For B = 0.004 to B = 0.016, as little as 4 percent of the fuel remains at 30 seconds; however, each curve is sigmoid and shows at least 17 percent more fuel consumed beyond the second knee, indicating that the initial sigmoid curve v\Fas not foreshortened by lack of fuel depth.
In the spreading fire, the major rate of fuel consumption is near the front of the combustion zone--consistent with its early occurrence in the fuel basket--and is of prime importance to the propagation of the fire (Frandsen and Rothermel 1972) .
Converting an idealized load history to load-loss history provides us with an easy reference for comparing the dynamics of burning fuel baskets of constant B having different depths (initial loads) .
Because the fuel below the pyrolysis zone has no effect upon the present load-loss history, we can see that the load-loss curve for an extreme depth will have all the characteristics of load-loss curves of lesser depth ( fig. 5) , except that the period of constant load-loss rate becomes longer.
The slope of the curves in figure 5 to the right of the second knee is dependent on char buildup. Char formation depends on the mineral content of the fuel and increases with oxygen depletion that in turn increases with time as the pyrolysis zone travels down into the basket.
The char buildup for excelsior is negligible up to and including the maximum load-loss rate because the maximum rate occurs early in the load history and the mineral content is low (0.03 percent).
Whatever the effect, it is the same for both the slice and the basket.
The statistical test in appendix C indicates that the alternative method presented here can be used for fuel near the size of excelsior to obtain the reaction velocity used by Rothermel to describe the dynamics of a horizontally spreading fire. ' Investigations at larger fuel sizes are necessary to extend the range of the usefulness of this method. 
